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Afferent pupillary defects may accompany
asymmetric primary open-angle glaucoma,
though the exact incidence has not been re-
ported. Charts were reviewed on 89 patients
attending the Glaucoma/Uveitis Clinic at the
North Carolina Memorial Hospital in Chapel
Hill, North Carolina over a five-year period. All
patients had primary open-angle glaucoma
diagnosed by: (1) increased ocular tensions
(22 mmHg) in the presence of open-anterior-
chamber angles and (2) optic-nerve cupping
and atrophy compatible with (3) pressure-
dependent, visual-field loss. No subjects with
secondary glaucomas, primary-angle-closure
glaucoma, or ocular hypertension are included.
The presence of the relative afferent pupil-
lary defect was noted in 21 of 89 patients
(23 percent). Sixteen of 70 black patients had
relative afferent pupillary defect in the more
severely affected eye, while five of 19 white
patients demonstrated afferent pupils. Other
demographic characteristics of this popula-
tion are described. Two typical primary-
open-angle glaucoma patients are discussed
to demonstrate comparable changes within
the optic nerves and Goldmann visual fields.
The presence of the relative afferent pupillary
defect best correlates with asymmetric,
visual-field loss in the more severely affected
eye.
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Primary open-angle glaucoma (POAG), the
most common glaucoma within the United States,
produces significant visual morbidity secondary to
visual-field loss and visual acuity in the end stages.
Thompson et al' have found very good correlation
between the visual-field loss and the relative-
afferent-pupillary defect. Even when investigation
of the optic nerve and Goldmann perimetry sup-
port the diagnosis of asymmetric disease in
POAG, the relative-afferent-pupillary defect
(RAPD) is evident.2 The exact incidence of the
RAPD in a chronic POAG population is unknown.
The assessment of a RAPD remains an objective
test of asymmetric field loss that may aid the cli-
nician in diagnosing POAG when reliable visual
fields may not be possible.
METHODS
We reviewed the records of 89 patients whose
final diagnosis was POAG as evidenced by (1)
optic-nerve cupping and pallor (demonstrable by
ophthalmoscopy), (2) increased ocular tension
(>22 mmHg by Goldmann's applanation tonome-
ter), (3) pressure-dependent visual-field loss
(measuring three isopters on the Goldmann
perimetry, whenever possible); and (4) open-
anterior-chamber angles by contact-lens gonios-
copy (Goldmann 3-mirror). The relative afferent
pupillary defect was detected by standard,
swinging-flashlight testing,35 which compares the
pupillomotor input from each of the two eyes.
All patients were seen in the Glaucoma Outpa-
tient Clinic at the North Carolina Memorial Hospi-
tal (NCMH) in Chapel Hill, North Carolina over a
five-year period. The mean age characteristics are
presented in Table 1.
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TABLE 1. AFFERENT PUPILLARY DEFECTS IN OPEN-ANGLE GLAUCOMA
RETROSPECTIVE: JAN 1978-SEPT 1983 (N = 89)
Total No. of Black Patients 70(78.9%) Mean Age at Presentation (yrs)*
Male 29 63.8 ± 3.2
Female 41 62.0 ± 2.0
Total No. of White Patients 19(21.3%) Mean Age at Presentation (yrs)*
Male 10 60.8 ± 5.0
Female 9 67.1 ± 2.6





TABLE 2. PATIENTS WITH AFFERENT PUPILLARY DEFECTS
Age at
Present VA (initial) VA (final) PAPP C/D ratio Therapy M - G sign
1. E.B. 56 20/2580 20/3020 25/23 0.3 0.8 None + LE
2. L.B. 68 20/60HM 20/60200-2 26/16 0.8 0.2 1 + RE
3. J.B. 61 20/40020 20/30025 17/16 0.85 0.95 1 + LE
4. C.B. 80 20/100100 20/100100 19/27 0.00 0.3 1 + LE
5. I.C. 64 20/20+2CF 20/40+2CF 19/21 0.88 0.8 M, I + LE
6. M.G. 55 20/20030 20/30030 25/25 0.3 0.8 None + LE
7. W.H. 69 20/200NLP 20/200NLP 36/28 0.999 0.9 I, CAI + RE
A total of 175 eyes were examined (three eyes
had been enucleated). The examined eyes were
then divided into visual-acuity ranges and then
charted according to initial visual acuities (Figure
1). Fifty-three total eyes had visions within 20/20
to 20/40 and 28 total eyes were legally blind
(20/400) at presentation. An initial ocular tension
of greater than 20 mmHg was noted in 125 of 175
eyes (71 percent). Twenty-seven eyes had clinical
ocular-tension determinations less than 18 per-
cent, though none of these had diurnal
measurements-applanation tonometry performed
over 24-48 hours (Figure 2).
RESULTS
The authors detected relative-afferent-pupillary
defects (RAPD) in 21 of 89 patients (23 percent)
with POAG (Table 2). Sixteen of the 21 patients
with RAPD presented with asymmetric optic-
nerve cupping, and 124 of the same patients had
asymmetrically elevated intraocular tensions. In
20 of the 21 patients, the eye with the most severe
optic-nerve involvement also was found to have
RAPD. Twelve patients initially presented the de-
fect, and the remaining nine patients were re-
vealed to have pupillary defects during the course
of their clinical care. The following case reports
are illustrative of the typical POAG patients with
RAPD.
Case Reports
Case 1. A 65-year-old, hypertensive, black man
was told that he had decreased vision in his left
eye when he applied for a driver's license renewal
four years prior to this examination. Ophthal-
mological evaluation at the NCMH revealed cor-
rected visual acuity of 20/20 right eye (RE) and
20/400 left eye (LE). The pupils were 4/4 RE and
4+/4+ LE with RAPD evident. Applanation to-
nometry revealed 16 (RE) and 27 (LE) mmHg ocular
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Figure 2. Initial ocular tensions
tensions, respectively. Fundoscopy revealed
cup/disc ratios of 0.7 to 0.8 RE and 0.9 LE (Fig-
ures 3 and 4). Visual-field testing initially revealed
no field defects of the RE and a small temporal
island of vision of the LE. Follow-up visual-field
testing two years later showed a nasal step and
inferior paracentral scotoma of the RE and an es-
sentially unchanged LE. He was placed on L-ep-
inephrine 0.25 percent observation unit (OU) and
later timolol maleate 0.25 percent OU. Three years
from initial presentation, a clinical evaluation re-
vealed best corrected visual acuities of 20/25 RE
JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 77, NO. 12, 1985 981
RELATIVE AFFERENT PUPILLARY DEFECTS
Figure 3. Cup/disc ratio of 0.7 to 0.8 (RE), by fundos-
copy
Figure 4. Cup/disc ratio of 0.9 (LE) by fundoscopy
Figure 5. Cup/disc ratio of 0.3 (RE) by direct
ophthalmoscopy and Hurby lens
Figure 6. Cup/disc ratio of 0.3 (LE) by direct
ophthalmoscopy and Hurby lens
and 20/300 LE, and applanation with pressures of
17 (RE) and 16 (LE). Direct and Hurby lens dis-
closed cup/disc ratio of 0.8 RE and 0.95 LE, and
pupils showing a moderate RAPD of the LE.
Case 2. Three years after her first visual com-
plaints, a 71-year-old, hypertensive, black woman
was referred after an ophthalmologist noted that
she had a "dark spot" in her left temporal field,
associated with elevated intraocular pressures.
The patient denied any visual symptomatology or
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Figure 7. Formal visual fields
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Figure 8. Formal visual fields
previous problems. Physical examination revealed
visual acuities of 20/20 each eye (OU), applanation
tonometry ocular tensions of 38 (RE) and 42 (LE)
mmHg, respectively. The anterior-chamber angles
were open and optic-nerve examination by direct
ophthalmoscopy and Hurby lens revealed cup/disc
ratio of 0.3 RE (Figure 5) and LE (Figure 6) ef-
fected loss of the temporal neural rim. Pupils were
3/3+ reactive OU with RAPD noted in the LE.
Formal visual-fields testing revealed nasal step
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and paracentral scotomas of the LE (Figures 7 and
8). The diagnosis of asymmetric open-angle
glaucoma of the LE was confirmed and the patient
was placed on L-epinephrine 0.25 percent OU.
Two years later, after being increased to epineph-
rine 0.5 percent twice a day OU and pilocarpine 1
percent three times a day OU, examination
yielded corrected visual acuities of 20/20 RE and
20/25 LE, applanation tensions 19 (RE) and 22 (LE)
mmHg, respectively, and miotic pupils.
DISCUSSION
The importance of RAPD is centered in its ob-
jective diagnostic value. The authors think that the
presence of the defect is objective evidence of
visual-field loss. Thompson et all employed
neutral-density filters in his study when a com-
parison was made among visual acuity, loss of vis-
ual field, and loss of pupillary function in a series
of 64 patients with varied optic-nerve damage. No
constant relationship was observed in visual
acuity and pupillary defects. There was, however,
a distinct correlation between visual-field loss and
pupillary defects when the latter were quantitated
using neutral-density filters. The use of neutral-
density filters in POAG patients may potentially
increase the objectivity surrounding the RAPD's
quantitative value.9
The occurrence of relative-afferent-pupillary
defects in patient populations with POAG has not
been assessed in a glaucoma population. Previous
mention of such a correlation in the literature has
been restricted to isolated case reports, but does
not address the overall incidence. In 1976,
Kaback et a16 reported seven cases of asymmetric
glaucoma patients all with RAPD, two with early
visual-field defects-the paracentral scotoma and
a nasal step; and yet all had normal visual acuities.
Prywes2 in 1976 also described five patients with
asymmetric glaucoma and RAPD. Kohn et al3 in
1979 reported on four patients with asymmetric
glaucomas (defined as unilaterally elevated
intraocular pressure and asymmetric cupping) and
RAPD; the visual fields were reported as normal.
Serious questions are raised as to the validity of
the perimetry technique employed in their report.
A relative-afferent-pupillary defect, commonly
referred to as the Marcus Gunn pupil, points to
asymmetric function of the retina or optic nerve.
The anterior midbrain, controlling pupillary size,
receives a message from the affected eye that il-
lumination is reduced as compared with the fellow
eye, or relative to the fellow eye. The pupillary
hallmarks are, therefore, either: (1) pupillary dila-
tation following a constrictive reaction to a light
stimulus applied to the affected side, or (2) the
dilation of both pupils when a light stimulus is
moved from the non-affected eye to the affected
eye.
Previous authors have delineated difficulty with
the assessment of RAPD after medical (topical
miotics) therapy has been instituted. Similarly,
other pre-existing conditions may prevent the cli-
nician from detecting RAPD,2'7-9 eg, existing
anisocoria, posterior synechiae from endogenous
uveitis, surgical or social trauma, an afferent de-
fect, normal hippus and/or pupillary play. There-
fore, the assessment of RAPD clearly should be
included early in patient evaluation, and prior to
medical (especially miotic) therapy. The
relative afferent pupillary defect is sufficiently
common in the POAG population (23 percent) to
be a good yardstick to measure asymmetric visual
fields in the more severely compromised optic
nerve.
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